A fter the discovery of 'movement proteins' as a peculiarity of plant viruses and with the help of novel methods for the detection and isolation of interacting host proteins new insights have been obtained to understand the mechanisms of virus movement in plant tissues. Rapid progress in studying the molecular mechanisms of systemic spread of plant infecting viruses revealed an interrelation between virus movement and macromolecular trafficking in plant tissues. This article summarizes current explorations on plant virus movement proteins (MPs) and introduces the state of the art in the identification and isolation of MP interacting host proteins.
Introduction
The number of proteins which a plant attacking virus needs for a successful invasion of its host can be narrowed down to i.) a nucleic acid binding protein (nucleocapsid protein), specifically encapsidating the viral genome, ii.) a DNA polymerase (G em iniviridae), reverse transcriptase ( Caulimoviridae) or RNA-dependent R N A polymerase (for multiplication and transcription of RNA virus ge nom es), and iii.) a movement protein (M P), essen tial for intra-and intercellular motion of the virus to enable systemic infection of the whole plant. W hereas nucleocapsid proteins and virus-encoded polymerases are components in both animal and plant infecting viruses, the MPs manifest a specific feature of plant viruses.
A n intriguing example which hints a correlation between the adaptation of viruses to plants con comitant with the appearance of a virus gene en coding a movement function is given within the Bunyaviridae family (Fig. 1) . This virus family con sists of five genera, four of them exclusively infect ing vertebrates or insects (Elliott, 1996) . The fifth genus, denominated Tospovirus, is closely related to the other four genera in its genome structure and in the morphology of the virions, however, the M segment of the Tospovirus genomic RN A is bearing an additional open reading frame (Kormelink et al., 1992). Later it was shown that a nonstructural protein, termed NSm, is translated from this cistron and that this protein represents the MP of the Tospoviruses (Kormelink et al., 1994) . It is still a m atter of discussion whether the appearance of this specified additional cistron opened the door to attack organisms of the plant kingdom during the evolution of the Bunyaviridae. Elliott, 1996) . Each of the five genera consists of three RNA segments which are entitled L (large), M (medium), and S (small), depicted as grey bars. Proteins encoded in minus-sense orientation on the respective segments are: RdRP, a RN A dependent RNA polymerase; G1/G2, a glycoprotein precursor and N, the nucleocapsid protein. (Table I) . A possible role of this interaction during TM V movement will be discussed below.
Two proteins have been determined as MPs of cucumber mosaic virus (CM V ). Properties of the CMV encoded 3a protein resemble those of the TM V MP, e.g. the protein is targeted to plasmodesmata and, correspondingly, traffics associated with a ribonucleoprotein complex into the vascula ture (Blackman et al., 1998; Ding, B. et al., 1995) . The CMV 2b protein has been proposed to be in volved in long distance movement, because a mu tant lacking the corresponding open reading frame was unable to spread systemically in cucumber plants (Ding, S. W. et al., 1995). In favor of study ing the intrinsic components of long distance movement, 2b was taken as a bait in yeast twohybrid interaction trap experiments, and recently, an interacting protein from tobacco has been iso lated (Table I) .
Geminiviridae
Viruses of this family possess a single stranded, circular DNA genome which replicates in the nu clei of infected host cells. Consequently, for intraand intercellular movement of such genomes, two transport functions have to be arranged: one cross ing the nuclear envelope and the second passing the cell wall. Indeed, geminiviruses encode two MPs denominated B R 1 and B L1 which act in a cooperative manner to transport the viral genome (for review: Lazarowitz, 1992). For the phloemlimited squash leaf curl virus (SqLC V ) it was shown that B L1 is able to directly interact with BR1 (Sanderfoot and Lazarowitz, 1995) . When the proteins are individually expressed in tobacco protoplasts or insect cells, B L1 is localized to the perifery and BR 1 to nuclei, however, when co-expressed in either cell type, B L1 re-localized B R 1 from the nucleus to the cell perifery. Further in vestigations of the function of B L1 unveiled that in SqLCV infected pumpkin leaves B L1 is associ ated to unique tubules which were observed in procambial cells and minor veins (Ward et al., 1997). It is not clear whether BL 1 is incorporated into the wall of the tubule or is being transported by it. Subcellular fractionation studies suggested that the tubules were derived from the endoplas mic reticulum (E R ), implying that SqLCV recruits the E R as a conduit for cell-to-cell movement in a developmental manner. Several features of the BL1 induced tubules appear to distinguish them from tubules reported ioxTospoviruses, Como-and Caulimoviridae (see below), e.g. the B L 1 induced tubules can be seen to cross the walls of procam bial cells and project into the cytoplasm on either side, whereas the tubules described for Tospoviruses and Comoviridae appear to project into the cytoplasm from only one side of the mesophyll cell wall (Ward et al., 1997 and references therein). However, for both types of tubules it is proposed that they serve as a conduit for the transport of viral nucleic acid or virions, and a generally asked question is whether cellular proteins are associ ated with virus-induced tubules and whether host proteins are needed to force the virus particles through these channels.
Luteoviruses
The viruses of this genus are transmitted by aphids usually leading to an inoculation of the sieve element -companion cell complex (Fig. 2) . Tacke Fig. 2 . Different cell layers proposed to be passed by plant viruses to achieve systemic movement employing the phloem system. Infective virus particles have to move intracellularly to the plasmamembrane and the cell wall. Following cell-tocell movement, the virus has to cross bundle sheath and phloem parenchyma cells to finally reach the companion cell-sieve element complex for long distance movement. In favor of an action of movement-or other virus encoded proteins, putative sites of host proteins which could interact with viral proteins are serially numbered and depicted as black circles. 1: nuclear pore complex (only required for DNA viruses); 2: cytoskeleton, vesicular transport systems and cytoplasmic proteins; 3: mesophyll-mesophyll or mesophyll-bundle sheath cell connecting primary or secondary plasmodesmata; 4: cell wall located proteins or enzymes ( 'receptors'); 5a: plasmodesmata adjoining phloem parenchyma-and intermediary cells (regarding plants with a symplastic loading configuration); 5b: transport systems involved in an apoplastic loading configuration adjoining phloem parenchyma and companion cells; 6 : deltoid shaped plasmodesmata (pore-plasmodesma units) facilitating macromolecular transport between companion cells and sieve elements, 7: phloem specific proteins and 8 : transport facilities involved in phloem unloading. Abbreviations: A L, apoplastic loading configuration; SL, symplastic loading configuration; IC, intermediary cells; CC, companion cells; SE , sieve elements. 
least eight viral proteins (Dougherty and Carring ton, 1988). In contrast to most other viruses, the

Tospoviruses; Brom o-, Como-and Caulimoviridae
The common feature of viruses belonging to these taxa is that they very likely perform cell-tocell movement by a tubule based mechanism (for review . What could be the answer to the question how PM E, an enzyme which is involved in cell wall turnover, facilitates virus m ovement? The unpro cessed PM E polypeptide carries an E R transloca tion signal and therefore the enzyme could be des-tined to be transferred to the cell wall. Presumably, MP binding to P M E results in a 'pig gyback' transport of the M P to the cell wall and presumably to plasmodesmata through the E R se cretory pathway (Chen et al., 2000) .
In order to determine how 2b, a MP encoded by CMV, mediates virus long distance transport, the YTH S was employed to search for 2b interacting host proteins. A protein entitled 2bip (2b-interacting protein) was isolated from tobacco. The de duced amino acid sequence of the protein revealed similarities to a protein of unknown function of Arabidopsis thaliana (Ham et al., 1999) . The tran script of 2bip was detected in leaves, stems, roots and flower organs of tobacco to nearly identical levels. Interestingly, preliminary data suggest a lo calization of 2bip at the nucleus, indicating that the 2b-2bip interaction could rather play a role in transcriptional regulation of host genes during CMV replication than during long distance m ove ment.
Similarly Whether the identified NSm-host protein interac tions occur simultaneously or sequentially in dif ferent plant organs or tissues during the systemic spread of TSW V remains to be elucidated. The amino acid sequence of the myosin-kinesin like protein also shows lower similarity to interaptins, desmoplakins and golgins, suggesting that it is part of an intracellular vesicular transport system in which intermediate filaments, the actin cytoskeleton and the trans golgi system are involved. There fore it can be speculated that, according to the TM V M P-PM E interaction, the interconnection between NSm and the myosin-kinesin like protein permits intracellular movement of TSW V nucleocapsids utilizing the cytoskeleton or vesicle sorting systems. Because NSm belongs to the group of tubular-forming MPs, the question arises if there is a connection between the three NSm-interacting host proteins and the induction or composition of the tubules. To answer this question, it would be helpful to conclude the destined function of these host encoded proteins, to study their localization in the plant cell or in different plant organs, to follow the expression patterns of the correspond ing genes after inoculation and to perform reverse genetics with respective host species. A t the m o ment, putative mechanisms can only be proposed on the basis of amino acid sequences, i.e. by search for homologies to polypeptides whose functions have already been described.
Involvement o f molecular chaperones in plant virus movement
The interaction between the TSW V M P (NSm) and D naJ like proteins has been independently determined for proteins derived from A. thaliana, tobacco and tomato (Table I ). The three D naJ like proteins exhibit a striking similarity to each other (Fig. 3) In the past years it was manifested that D naJ chaperones exhibit a range of functions, including a role in protein import into the E R , mitochondria and peroxisomes. Several models concerning intraand intercelluar transport of macromolecules pos tulated the activity of chaperones (e.g. Kragler et al., 1998; for review: Jackson, 2000), where they are thought to partially unfold a protein before its translocation through plasmodesmata. Virus en coded homologs to Hsp70 chaperones have been found in the genome of Closteroviridae and were recently shown to be indispensible for cell-to-cell
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